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The high-precision differential cross-section data for the reaction γp → K∗+Λ are re-analyzed
within a Regge-inspired effective Lagrangian approach. The model adopts Regge phenomenology to
constrain the t-channel contributions from the κ, K and K∗ exchanges. A minimum number of res-
onances in the s-channel are introduced in constructing the reaction amplitudes in order to describe
the data. It is shown that the differential cross-section data for γp → K∗+Λ can be satisfactorily
described by introducing the only N(2060)5/2− resonance in the s channel, which is quite different
from our earlier work performed in an effective Lagrangian approach [A. C. Wang et al., Phys. Rev.
C 96, 035206 (2017)], where the amplitudes are computed by evaluating Feynman diagrams and it
was found that introducing at least one additional resonance apart from the N(2060)5/2− is indis-
pensable for reproducing the data. The roles of individual contributions from meson and baryon
exchanges on the angular distributions are found to be highly model dependent. The extracted mass
of N(2060)5/2− turns out to be well determined, independent on how the t-channel amplitudes are
constructed, whereas the width does not.
PACS numbers: 25.20.Lj, 13.60.Le, 14.20.Gk, 13.75.Jz
I. INTRODUCTION
Photoproduction reaction of γp → K∗+Λ provides
an alternative tool to investigate excited nucleon states
(N∗’s) besides piN scattering and pion photoproduction.
As K∗+Λ couples to N∗’s with isospin 1/2 only, this re-
action acts as an “isospin filter” and is more selective to
distinguish certain resonances than pion production re-
actions. Also, since K∗+Λ has a much higher threshold
energy, this reaction is more suitable to study the N∗’s in
a less-explored higher mass region than pion production
reactions.
Experimentally, all the available data for γp→ K∗+Λ
have been published by the CLAS Collaboration at the
Thomas Jefferson National Accelerator Facility (JLab).
The preliminary cross section data have been reported in
2006 [1] and 2011 [2]. The first high precision differential
cross-section data in the energy range from threshold up
to center-of-mass energy W = 2.85 GeV have been re-
ported in 2013 [3].
Theoretically, the K∗+ photoproduction on the pro-
ton has first been studied in a quark model in 2001 [4].
In Refs. [5, 6], the preliminary total cross section data
for γp → K∗+Λ reported by the CLAS Collaboration
in 2006 [1] have been analyzed within an isobar model.
Later in 2010, a Regge model has been proposed with
no nucleon resonances being considered to study the pre-
liminary total cross section data, and it is claimed that
the K∗ trajectory exchange and the contact term provide
sizable contributions [7]. In Ref. [8], the preliminary dif-
ferential cross-section data reported by the CLAS Collab-
oration in 2011 [2] have been analyzed within an effective
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Lagrangian approach. When the first high precision dif-
ferential cross-section data were reported in 2013 [3], it
was found that all of the previously published theoreti-
cal works underestimate the cross sections in the range of
photon laboratory energy of 2.1 GeV < Eγ < 3.1 GeV. In
Ref. [9], Kim et al. reinvestigated the γp→ K∗+Λ reac-
tion by a fit to the high precision differential cross-section
data with several nucleon resonances considered in an ef-
fective Lagrangian approach. The so far best theoretical
description of the high precision differential cross-section
data for γp → K∗+Λ has been published by our group
in Ref. [10], where a detailed review of the status of ex-
perimental and theoretical studies of the γp → K∗+Λ
reaction can also be found. In Ref. [11], a Regge model
is proposed for this reaction with the focus on the forward
angle behavior of the angular distributions and thus no
N∗’s have been introduced in constructing the reaction
amplitudes. Note that in the Regge model of Refs. [7, 11],
since no nucleon resonances are considered, the details
of the angular distributions especially the near thresh-
old structures of the differential cross sections are not
expected to be well described. In Ref. [12], the K∗0 pho-
toproduction off neutron has been studied.
In literature, models based on meson-exchange picture
have been widely used in investigating the pseudo-scalar
meson and vector meson photoproduction reactions. In
these models, a reliable extraction of resonance contents
and the associated resonance parameters suffers from the
fact that the background contributions, which play a sub-
stantial role in the reaction mechanism, cannot be con-
strained in a model-independent way. Of course, as is well
known, the t-channel or u-channel amplitudes are usu-
ally quite distinctive if the considered meson or baryon
exchanges are different in various models. Nevertheless,
there is a case that even the exchanged mesons or baryons
are the same, the t-channel or u-channel amplitudes may
2still be quite different, because the meson or baryon ex-
change amplitudes can be constructed in totally different
ways. In most cases, the t-channel meson exchanges or
the u-channel baryon exchanges are described by Feyn-
man amplitudes in a tree-level approximation [9, 10, 13].
The so-called Regge amplitudes, where the Regge prop-
agators are introduced to replace the traditional Feyn-
man propagators, are also commonly used to describe
the t-channel or u-channel interactions even in the low-
energy regions [7, 11, 14]. In recent years, a hybrid
approach called interpolated Regge model is applied to
reproduce the data for Λ(1520) and Σ(1385) photopro-
ductions [15–18], where in t-channel a interpolating form
factor is introduced so that the amplitudes behave as
Feynman amplitudes at low energies and Regge ampli-
tudes at high energies. In literature, these three different
types of t-channel amplitudes, i.e. the Feynman ampli-
tudes, the Regge amplitudes and the interpolated Regge
amplitudes, are employed by different groups to describe
data for different reactions. Nevertheless, it is so far not
clear how different the results will be for a specific reac-
tion if one construct the t-channel amplitudes in different
ways. In particular, one is interested in how strongly the
reaction mechanism, the resonance contents and the as-
sociated resonance parameters depend on the particular
way to construct the t-channel amplitudes.
In Ref. [10], we have presented a good description
of the high-precision differential cross-section data for
γp → K∗+Λ within an effective Lagrangian approach.
One of the most prominent features of this work is that
the near-threshold structures exhibited by the differen-
tial cross-section data are for the first time being satis-
factorily described. It is found that it is the t-channel
K exchange and the s-channel N(2060)5/2− exchange
that dominates the dynamics of the γp → K∗+Λ reac-
tion in the near-threshold region. Moreover, apart from
the N(2060)5/2− resonance, an additional resonance
which could be one of the N(2000)5/2+, N(2040)3/2+,
N(2100)1/2+, N(2120)3/2− and N(2190)7/2− reso-
nances, are also found to be indispensable to describe
the data.
The t-channel meson exchanges in Ref. [10] are de-
scribed by Feynman amplitudes. As mentioned above,
it is worth investigating whether the reaction mecha-
nism keeps the same and, in particular, how much the
extracted resonance contents and parameters change if
the t-channel meson exchanges are described by Regge
amplitudes or interpolated Regge amplitudes instead of
Feynman amplitudes.
In the present work, we re-analyze the high-precision
differential cross-section data for γp → K∗+Λ within a
Regge-inspired effective Lagrangian approach. Both the
traditional Regge amplitudes and the so-called interpo-
lated Regge amplitudes are employed for the t-channel κ,
K andK∗ exchanges. The purpose is to test how strongly
the reaction mechanism, the extracted resonance con-
tents and the associated resonance parameters depend
on the way to construct the t-channel meson-exchange
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FIG. 1. Generic structure of the amplitude for γN → K∗Λ.
Time proceeds from left to right.
amplitudes.
The paper is organized as follows. In the next Sec-
tion, we briefly introduce the formalism of the traditional
Regge model and the interpolated Regge model. The nu-
merical results of the cross sections from these two mod-
els are presented in Sec. III, where a comparison of the
results from these two models and from the model of
Ref. [10] is also given. Finally the summary and conclu-
sions are given in Sec. IV.
II. FORMALISM
Following our previous work [10], we consider the fol-
lowing contributions in constructing the s-, t-, and u-
channel amplitudes for the γN → K∗Λ reaction: (a) N
and N∗’s exchanges in the s channel, (b) K, κ, and K∗
meson exchanges in the t channel, and (c) Λ, Σ, and
Σ∗(1385) hyperon exchanges in the u channel. These
contributions are schematically shown in Fig. 1. The full
reaction amplitude can then be expressed as
Mνµ =Mνµs +M
νµ
t +M
νµ
u +M
νµ
int , (1)
with Mνµs , M
νµ
t , and M
νµ
u standing for s-, t- and u-
channel amplitudes, respectively, and Mνµint representing
the generalized interaction current which is introduced to
keep the full amplitudeMνµ gauge invariant [19–22]. The
explicit expression ofMνµint and the effective Lagrangians,
propagators and form factors introduced to evaluate the
Feynman diagrams ofMνµs ,M
νµ
t , andM
νµ
u can be found
in Ref. [10]. Here we just present the new formalism that
is relevant to the Reggeized treatment of the t-channel
K, K∗ and κ exchanges.
A. Reggeized t-channel amplitudes
The economic way to take into account the effects of
high spin meson exchanges is to substitute the t-channel
Feynman amplitudes by Regge amplitudes. Standard
3Reggeization of the t-channel K, κ and K∗ exchanges
corresponds to the following replacements:
1
t−m2K
=⇒ PKRegge =
(
s
s0
)αK(t) piα′K
sin[piαK(t)]
×
1
Γ[1 + αK(t)]
, (2)
1
t−m2κ
=⇒ PκRegge =
(
s
s0
)ακ(t) 1 + e−ipiακ(t)
2
×
piα′κ
sin[piακ(t)]
1
Γ[1 + ακ(t)]
,
(3)
1
t−m2K∗
=⇒ PK
∗
Regge =
(
s
s0
)αK∗ (t)−1 1− e−ipiαK∗ (t)
2
×
piα′K∗
sin[piαK∗(t)]
1
Γ[αK∗(t)]
. (4)
Here s0 is a mass scale which is conventionally taken as
s0 = 1 GeV
2, and α′M is the slop of the Regge trajectory
αM (t). For M = K, κ and K
∗, the trajectories are
parameterized as [23]
αK(t) = 0.7 GeV
−2
(
t−m2K
)
, (5)
ακ(t) = 0.7 GeV
−2
(
t−m2κ
)
, (6)
αK∗(t) = 1 + 0.85 GeV
−2
(
t−m2K∗
)
. (7)
Note that in Eq. (2) a degenerate trajectory is employed
for K-exchange, thus the signature factor reduces to 1.
Such a choice is preferred by data, which has been tested
by our numerical calculation.
In Ref. [10], an appropriate prescription for the inter-
action current Mνµint is chosen to guarantee that the full
photoproduction amplitude Mνµ for γp → K∗+Λ satis-
fies the generalized Ward-Takahashi identity and thus is
fully gauge invariant [19–22]. Note that our prescription
for Mνµint is independent of any particular form of the t-
channel form factor, ft, provided that it is normalized as
ft
(
t = m2K∗
)
= 1. One observes that the Reggeization
of the amplitude for K∗ exchange in Eq. (4) is equivalent
to the following replacement:
ft =⇒ Ft =
(
t−m2K∗
)
P
K∗
Regge(t)ft. (8)
Therefore, simply replace ft by Ft in the prescription
of Mνµint in Ref. [10], the gauge invariance requirement
will still be satisfied for the Reggeized amplitude [24].
Explicitly we have
Mνµint = Γ
ν
ΛNK∗(q)C
µ +MνµKRFt, (9)
where the auxiliary current Cµ reads
Cµ = −QK∗
Ft − Fˆ
t− q2
(2q−k)µ−QN
fs − Fˆ
s− p2
(2p+k)µ, (10)
and Fˆ is
Fˆ = 1− hˆ (1− fs) (1−Ft) . (11)
As usual, the parameter hˆ is chosen to be 1 for simplic-
ity. fs is the form factor for s-channel nucleon exchange,
ΓνΛNK∗(q) is the ΛNK
∗ vertex with q being the momen-
tum for outgoing K∗, and MνµKR is the Kroll-Ruderman
term. We refer the readers to Ref. [10] for more details.
B. Interpolated t-channel Regge amplitudes
Considering that the Regge amplitudes works properly
in very big s and very small t region, while the Feynman
amplitudes works properly in the low energy region, in
Refs. [15–18], a interpolating form factor is introduced to
parametrize the smooth transition from Feynman ampli-
tudes to Regge amplitudes. Instead of Eq. (8), one has
the following replacement for Feynman amplitudes,
ft =⇒ FR,t = FtR+ ft (1−R) , (12)
where R = RsRt with
Rs =
1
1 + e−(s−sR)/s0
, (13)
Rt =
1
1 + e−(t+tR)/t0
. (14)
Here sR, s0, tR and t0 are parameters to be fixed by
fitting the data.
It is easy to see that by making the replacement of
Eq. (12), the t-channel amplitudes will be a combination
of Regge amplitudes and Feynman amplitudes, with a
weight R for the former and (1 − R) for the later. As
discussed in Sec. II A, the gauge invariance for the full
amplitude still keeps when such a replacement is also
performed in the interaction current Mνµint .
III. RESULTS AND DISCUSSION
For conciseness of the discussions, we refer to the model
discussed in Sec. II A as Regge model (model I), and the
model discussed in Sec. II B as interpolated Regge model
(model II).
In Ref. [10], a rather satisfactory description of the
differential cross section data for γp → K∗+Λ has been
achieved within an effective Lagrangian approach with
the amplitudes being constructed by use of Feynman
propagators. In this work, we re-analyze the high-
precision differential cross-section data for this reaction
within a Regge-inspired effective Lagrangian approach.
The t-channel Feynman amplitudes in Ref. [10] have now
been replaced by either the Regge amplitudes as dis-
cussed in Sec. II A or the interpolated Regge amplitudes
as discussed in Sec. II B. The purpose is to investigate
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FIG. 2. Differential cross sections for γp→ K∗+Λ as a function of cos θ in the center-of-mass frame in the near threshold region.
The black solid lines correspond to the fit result including the N(2100)1/2+ resonance. The blue dashed lines represent results
from model II (the interpolated Regge model). The scattered symbols denote the CLAS data from Ref. [3]. The numbers
in parentheses denote the photon laboratory incident energy (left number) and the total center-of-mass energy of the system
(right number), in MeV.
TABLE I. Fitted values of the parameters in model I (Regge model) and model II (interpolated Regge model). For comparison,
the corresponding values of the parameters in model I of Ref. [10] (Feynman model) are also listed in the last column. Here
βΛK∗ is the branching ratio for the decay N(2060)5/2
− → ΛK∗. A1/2 and A3/2 are the helicity amplitudes for the radiative
decay N(2060)5/2− → γp. Note that in model I of Ref. [10], ΛK∗ and Λκ are fixed to be 900 and 1100 MeV, respectively.
model I model II model I of Ref. [10]
g
(1)
Σ∗Λγ −2.28 ± 0.07 −2.09± 0.09 0.74± 0.16
ΛK∗ [MeV] 900± 24 752± 2 900
ΛK [MeV] 1940± 25 762 ± 12 1000± 6
Λκ [MeV] 900± 64 1100
N(2060)5/2− parameters
MR [MeV] 2033 ± 4 2028 ± 2 2033± 2
ΓR [MeV] 124± 7 57± 2 65± 4
ΛR [MeV] 1270 ± 6 1200 ± 5 1188 ± 20√
βΛK∗A1/2 [10
−3 GeV−1/2] 0.66 ± 0.09 0.84 ± 0.08 0.69± 0.06√
βΛK∗A3/2 [10
−3 GeV−1/2] −0.93 ± 0.14 −1.19± 0.11 −1.39± 0.13
TABLE II. Fitted values of the parameters in interpolated
form factor in model II (interpolated Regge model).
s0 [GeV
2] sR [GeV
2] t0 [GeV
2] tR [GeV
2]
0.66 ± 0.06 4.95± 0.07 0.25± 0.01 0.46± 0.02
how strongly the reaction mechanism, the extracted res-
onance contents and the associated resonance parameters
depend on the way to construct the t-channel amplitudes.
As has been done in Ref. [10], we introduce a min-
imum number of resonances in the s-channel in con-
structing the reaction amplitudes in order to describe
the data. If no nucleon resonance is taken into ac-
count, one gets almost isotropic angular distributions
in the differential cross sections, failing to reproduce
the shape of the angular distribution near the K∗+Λ
threshold exhibited by the CLAS data. We then
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FIG. 3. Differential cross sections for γp → K∗+Λ as a function of cos θ (black solid lines) from model I (Regge model). The
scattered symbols denote the CLAS data from Ref. [3]. The blue dashed and green dash-dotted lines represent the individual
contributions from the K and N(2060)5/2− exchanges, respectively. The numbers in parentheses denote the photon laboratory
incident energy (left number) and the corresponding total center-of-mass energy of the system (right number), in MeV.
try to consider one nucleon resonance. We test one
by one the N(2000)5/2+, N(2040)3/2+, N(2060)5/2−,
N(2100)1/2+, N(2150)3/2− and N(2190)7/2− reso-
nances which are located near the K∗+Λ threshold and
might potentially contribute to the γp → K∗+Λ reac-
tion. After numerous tests, it is found that in both the
Regge model and the interpolated Regge model, the dif-
ferential cross-section data for γp→ K∗+Λ can be satis-
factorily described by introducing the N(2060)5/2− reso-
nance, which is quite different from Ref. [10], where it was
found that apart from the N(2060)5/2
−
resonance, in or-
der to reproduce the data one needs to introduce in the
s-channel at least one additional resonance, which could
be one of the N(2000)5/2+, N(2040)3/2+, N(2100)1/2+,
N(2120)3/2− and N(2190)7/2− resonances. The fits
with the inclusion of other nucleon resonances are not
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FIG. 4. Differential cross sections for γp → K∗+Λ as a function of cos θ (black solid lines) from model II (interpolated Regge
model). In addition to the same notations as in Fig. 3, the red dash-double-dotted, cyan dotted lines represent the contributions
from the K∗ exchange and the interaction current, respectively.
considered as acceptable ones not only because they have
much larger χ2, but also because in these fits the shape
of the angular distributions near threshold cannot be re-
produced. As an illustration, we show in Fig. 2 a com-
parison of the near threshold differential cross sections
from the fit with the N(2060)5/2− resonance and the fit
with the N(2100)1/2+ resonance in model II. One sees
clearly that the fit with the N(2100)1/2+ resonance fails
to describe the near threshold differential cross sections
and thus is not treated as an acceptable fit.
The values of resonance parameters of N(2060)5/2
−
and other adjustable parameters determined in both the
Regge model and the interpolated Regge model are listed
in Tables I and II. Note that the contributions from the
κ exchange are found to be negligible in the interpolated
Regge model and thus they are not included in construct-
ing the reaction amplitudes. The other relevant parame-
ters are un-adjustable, and they are fixed by flavor SU(3)
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FIG. 5. Total cross sections with individual contributions for γp → K∗+Λ. The left graph is for model I (Regge model), the
middle one corresponds to model II (interpolated Regge model), and the right one is for model I of Ref. [10] (Feynman model).
The black solid lines represent the full results. The green dash-dotted, blue dashed, red dash-double-dotted and cyan dotted
lines represent the individual contributions from the N(2060)5/2− , K, K∗ exchanges and the interaction current, respectively.
In the right graph, the purple double-dash-dotted line represents the contributions from the N(2000)5/2+ exchange. The
contributions from the K∗ exchange and the interaction current in the left and right graphs are not presented, and so are the
contributions from other terms in these three graphs, since these contributions are too small to be clearly seen with the scale
used in this figure. The scattered symbols are data from CLAS Collaboration [3].
relation or taken from other references, as explained in
Ref. [10]. For comparison, the corresponding values of
the parameters in model I of Ref. [10] (Feynman model)
are also listed in the last column of Table I. Note that
in this model, ΛK∗ and Λκ are fixed to be 900 and 1100
MeV, respectively. One sees that the parameters in the
background contributions are quite different in model I,
model II and model I of Ref. [10], which can be eas-
ily understood since the t-channel interactions are con-
structed in rather different ways in these three models.
For the N(2060)5/2
−
resonance, the masses determined
in these three models are consistent with each other, indi-
cating that this parameter is well determined, indepen-
dent of how the t-channel amplitudes are constructed.
The values of the cutoff parameter and the reduced he-
licity amplitudes for this resonance are also found to be
close to each other in these three models. The values of
the N(2060)5/2
−
width vary in different models, indi-
cating that this parameter cannot be well determined by
the data considered.
The differential cross sections produced in both the
Regge model and the interpolated Regge model are
shown in Figs. 3 and 4, respectively, where the major
individual contributions are also shown. In these two fig-
ures, the black solid lines represent the full results. The
blue dashed and the green dash-dotted lines show the
contributions from the K and N(2060)5/2
−
exchanges,
respectively. In Fig. 4, the red dash-double-dotted and
the cyan dotted lines represent the contributions from the
K∗ exchange and the interaction current, respectively.
From Figs. 3 and 4, one sees that the overall fitting
qualities of both the Regge model and the interpolated
Regge model are satisfactory, both in agreement with
the data and comparable with that from the Feynman
model of Ref. [10]. Nevertheless, at low energies near the
ΛK∗ threshold, especially at the center-of-mass energy
W = 2041 MeV, the results from the interpolated Regge
model are much closer to the data than those from the
Regge model and the Feynman model of Ref. [10].
The reaction mechanisms from the Regge model, the
interpolated Regge model and the Feynman model of
Ref. [10] are quite different, as can be seen by the domi-
nant individual contributions of the differential cross sec-
tions. In the near threshold region, the angular distribu-
tions are dominated by the K exchange in the Regge
model and N(2060)5/2
−
exchange in the interpolated
Regge model. While in the Feynman model of Ref. [10],
both the K and N(2060)5/2
−
exchanges are important
in the near threshold region. At higher energies, in the
Regge model the K exchange still dominates the reac-
tion, and the N(2060)5/2
−
exchange also offers signifi-
cant contributions with a maximum located at around
2.2 ∼ 2.3 GeV. The contributions other than the K and
N(2060)5/2
−
exchanges are tiny in this model. In the
interpolated Regge model, the contributions from the K
exchange are rather small, and the dominant contribu-
tions are from the N(2060)5/2− exchange in the en-
ergy range from threshold up to W ∼ 2.6 GeV. The
K∗ exchange and the interaction current also provide
considerable contributions in this model in almost the
whole energy region considered. In the Feynman model
of Ref. [10], at higher energies, the K exchange domi-
nates the reaction, while the N(2060)5/2
−
and the other
resonance exchanges also provide considerable contribu-
tions. The κ, K∗ exchanges and the interaction current
offer rather small contributions in the Feynman model,
8similar as in the Regge model.
The N(2060)5/2
−
is the common resonance required
in all the Regge model, the interpolated Regge model
and the Feynman model of Ref. [10]. In the last model,
the fitted mass of N(2060)5/2
−
is around 2009 ∼ 2043
MeV and the fitted width is around 65 ∼ 213 MeV in
different fits. From Table I one sees that the fitted mass
of this resonance is 2033 MeV in the Regge model and
2028 MeV in the interpolated Regge model. An inter-
esting observation is that these two values are very close
to each other and they are both in the range predicted
by the Feynman model of Ref. [10]. The fitted width of
N(2060)5/2
−
is 124 MeV in the Regge model and 57 MeV
in the interpolated Regge model. Although not close to
each other, they both are almost in the range predicted
by the Feynman model of Ref. [10]. This finding might be
a hint that the N(2060)5/2
−
is really needed and plays a
significant role in the reaction γp→ K∗+Λ, independent
of how the t-channel amplitudes are constructed. The
mass of this resonance can be basically determined by
the present data for this reaction, while its width cannot
be well determined with the present data.
Figure 5 shows the predicted total cross sections
(black solid lines) together with the individual contri-
butions from the K exchange (blue dashed lines), the
N(2060)5/2
−
exchange (green dash-dotted lines), the K∗
exchange (the red dash-double-dotted lines) and the in-
teraction current (cyan dotted lines) obtained by inte-
grating the corresponding differential cross sections in
both the Regge model (model I) and the interpolated
Regge model (model II). For comparison, we also show
in this figure the major contributions from model I of
Ref. [10], illustrating the results from a Feynman model.
In this model, the contributions from the N(2000)5/2+
exchange are plotted with double-dash-dotted line. The
contributions from the K∗ exchange and the interaction
current in the left and right graphs are not presented,
and so are the contributions from other terms in these
three graphs, since these contributions are too small to
be clearly seen with the scale used in this figure. One sees
that in all the three models, the predicted total cross sec-
tions are in fairly good agreement with the data over the
entire energy region considered. The K exchange is seen
to play a dominant role in the Regge model (model I)
and the Feynman model (model I of Ref. [10]), while it
provides rather small contributions in the interpolated
Regge model (model II). It also shows that the contri-
butions from the K exchange drop much faster in the
Regge model than in the Feynman model with the in-
crease of the center-of-mass energy. In the interpolated
Regge model (model II), considerable contributions are
also seen from the K∗ exchange and the interaction cur-
rent. In all the three models, the N(2060)5/2
−
exchange
offers rather important contributions, but the locations
and the strengths of the bumps caused by this reso-
nance are quite different in various models. In model
I of Ref. [10], a second resonance N(2000)5/2+ is found
to provide considerable contributions at higher energies,
while in the other two models, only one resonance, i.e.
the N(2060)5/2−, is needed to describe the data. Dif-
ferent roles/contributions of nucleon resonances in these
models clearly show how the resonance content and pa-
rameters depend on the way that the background contri-
butions are constructed for γp→ K∗+Λ. These observa-
tions establish those obtained from the differential cross
sections of Figs. 3 and 4.
IV. SUMMARY AND CONCLUSION
In this work, the high-precision differential cross-
section data for the reaction γp→ K∗+Λ are re-analyzed
within a Regge-inspired effective Lagrangian approach,
where the t-channel interactions are described by Regge
amplitudes or interpolated Regge amplitudes instead of
Feynman amplitudes as in our previous work [10]. The
purpose is to test how strongly the reaction mechanism,
the extracted resonance contents and the associated res-
onance parameters depend on the way that the t-channel
meson-exchange amplitudes are constructed.
It is found that in both the Regge model and the
interpolated Regge model, one only needs to introduce
the only N(2060)5/2
−
resonance in constructing the s-
channel reaction amplitude in order to describe the cross-
section data, which is quite different from the Feynman
model of Ref. [10], where it was found that apart from
N(2060)5/2
−
, the introduction of an additional reso-
nance in the s-channel is indispensable to get an accept-
able description of the data.
The reaction mechanisms are found to be highly model
dependent. In the near threshold region, especially at
the center-of-mass energy W = 2041 MeV, the angular
distributions are dominated by the K exchange in the
Regge model, by the N(2060)5/2
−
exchange in the in-
terpolated Regge model, and by both the K exchange
and N(2060)5/2
−
exchange in the Feynman model of
Ref. [10]. At higher energies, the angular distributions
are found to be dominated by the K and N(2060)5/2−
exchanges in the Regge model, by the N(2060)5/2
−
ex-
change in the interpolated Regge model, and by the K,
N(2060)5/2
−
and the other resonance exchanges in the
Feynman model. The K exchange, which plays a very
significant role in almost the whole energy range consid-
ered in both the Regge model and the Feynman model,
provides rather small contributions in the interpolated
Regge model. On the contrary, the K∗ exchange and
the interaction current, which are negligible in both the
Regge model and the Feynman model, offers considerable
contributions in the interpolated Regge model.
The common feature of all these three models is that
the N(2060)5/2
−
resonance is needed and plays a very
important role for the angular distributions. The fit-
ted mass of this resonance is in a narrow range of about
2009 ∼ 2043 MeV and the fitted width varies in a
broad range of about 57 ∼ 213 MeV in different mod-
els and various fits. This finding might be a hint that
9the N(2060)5/2
−
is really needed and plays a significant
role in the reaction γp → K∗+Λ, independent of how
the t-channel amplitudes are constructed. The mass of
this resonance can be basically determined by the present
data, while the width cannot.
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